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Metagenomic Analysis of Bacterial, Fungal and Viral Microbiota

Prof.Sunchai Payungporn, Ph.D.
Center of Excellence in Systems Microbiology (CESM)

Department of Biochemistry, Faculty of Medicine, Chulalongkorn University

Metagenomic analysis is a rapidly evolving field of research that involves the study of
genetic material from a variety of microorganisms that allows for the characterization of complex
microbial communities, including bacteria, fungi, and viral microbiota. The main objective of the
metagenomic analysis is to identify and characterize the genetic material of these microbial
communities, which can provide insights into their diversity, composition, function and
interactions with the host or the environment. This technique involves the sequencing and analysis
of genetic material directly extracted from samples obtained from humans, animals or
environments. Two of the most commonly used approaches for metagenomic analysis are

amplicon sequencing and shotgun sequencing.

Amplicon sequencing targets specific regions of the microbial genome, such as the 16S
rRNA gene in bacteria or the ITS region in fungi. This approach allows for high-throughput
sequencing of these specific regions, providing a detailed picture of the taxonomic composition of
the microbial community. Amplicon sequencing is relatively inexpensive and easy to perform,
making it an attractive option for large-scale studies. However, this approach has limitations

regarding functional profiling and identifying novel microbial species.

On the other hand, shotgun sequencing involves the random sequencing of all DNA
fragments in a sample, providing a more comprehensive view of the microbial community. This
approach can identify bacterial, fungal and viral microbiota and their functional potential, making
it more suitable for exploring the metabolic pathways and interactions within microbial
communities. However, shotgun sequencing is more expensive and computationally intensive than

amplicon sequencing, requiring more advanced bioinformatics tools for data analysis.



In conclusion, both amplicon sequencing and shotgun sequencing are valuable tools for the
metagenomic analysis of microbial communities, and each approach has its own advantages and
limitations. Choosing the appropriate approach depends on the research question, the complexity
of the microbial community, and the available resources for sequencing and bioinformatics

analysis.

Overall, metagenomic analysis is a powerful tool for studying the diversity, composition,
and function of bacterial, fungal, and viral microbiota. By providing a comprehensive view of these
complex microbial communities, metagenomic analysis can help researchers develop new
strategies for managing environmental resources, preventing infectious diseases, and improving

human health.

Keywords: Metagenomic, Bacteria, Fungi, Virus, Microbiota
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2021 - 2024
2019 - 2024
2021 - 2023
2021 - 2023
2021 - 2022
2021 - 2022
2018 - 2020
2018 - 2021
2018 - 2020

Publications:
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nuiwwdngn nlun1siaidevesenansdiuln Useirdeudseanu 2563 lagdinau
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“Phage therapy for Vibrio infections: Characterization of antimicrobial activity of
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NuITun181AlaTaN15 Overseas Research Grant, The Asahi Glass Foundation (#3911
1A59n1979°8) “Development of a novel phage-derived endolysin as an outer
membrane-penetrating antibacterial against bacterial pathogens in aquaculture”
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“Isolation and characterization of phages for formulating a phage cocktail for
prevention and therapy of acute hepatopancreatic necrosis disease (AHPND) in
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“Phage therapy for Vibrio infections: Isolation and identification of novel giant
bacteriophages with broad host spectrum against vibrios”
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NM1INYIaY (111111ATIN19398) “Isolation of novel giant bacteriophages exhibiting

broad killing spectrum against vibrios”

Grants for Center of Excellence of Molecular of Shrimp, Chulalongkorn University (Co-
principal investigator) “Isolation and characterization of bacteriophage targeting Vibrio

parahaemolyticus causing acute hepatopancreas necrosis disease (AHPND)”

Impact

List of publications

factor
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agents and chemotherapy, e01307-22

Chaikeeratisak, V., Khanna, K., Nguyen, K.T., Egan, M.E., Enustun, E., Armbruster, E.,
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(18)

Wannasrichan, W., Htoo, H.H., Suwansaeng, R., Pogliano, J., Nonejuie, P,
Chaikeeratisak, V. (2022) Phage-resistant Pseudomonas aeruginosa against a novel
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Frontiers in microbiology, 13 (1004733)
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Nguyen, K.T., Sugie, J., Meyer, J.R., Pogliano, J. (2021) Viral speciation through
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communications 12 (1), 1-9

Chaikeeratisak, V., Birkholz, E.A., Pogliano, J. (2021) The phage nucleus and PhuZ
spindle: defining features of the subcellular organization and speciation of nucleus-
forming jumbo phages. Frontiers in Microbiology 12, 641317.
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vibriophage exhibits inhibitory activity against host protein synthesis machinery.
Scientific Reports 10 (1), 2347.

Mendoza, S.D., Nieweglowska, E.S., Govindarajan, S., Leon, L.M., Berry, J.D., Tiwari,
A., Chaikeeratisak, V., Pogliano, J., Agard, D.A., and Bondy-Denomy, J. (2020). A
bacteriophage nucleus-like compartment shields DNA from CRISPR nucleases.
Nature 577, 244-248.

Chaikeeratisak, V., Khanna, K., Nguyen, K.T., Sugie, J., Egan, M.E., Erb, M.L., Vavilina,
A., Nonejuie, P., Nieweglowska, E., Pogliano, K., et al. (2019). Viral Capsid Trafficking
along Treadmilling Tubulin Filaments in Bacteria. Cell 177, 1771-1780.e12.
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Study Mechanisms of Action of Antibiotics That Are Active against Acinetobacter
baumannii. Antimicrobial agents and chemotherapy 63 (4), €02310-18
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Pseudomonas Phages. Cell reports 20 (7), 1563-1571

12 Chaikeeratisak, V., Nguyen, K., Khanna, K., Brilot, A.F., Erb, M.L., Coker, J.K.C., Vavilina, 37.205
A., Newton, G.L., Buschauer, R., Pogliano, K., et al. (2017). Assembly of a nucleus-
like structure during viral replication in bacteria. Science 355, 194-197.

13 Erb, M.L., Kraemer, J.A,, Coker, JK.C,, Chaikeeratisak, V., Nonejuie, P., Agard, D.A, 9.322
and Pogliano, J. (2014). A bacteriophage tubulin harnesses dynamic instability to
center DNA in infected cells. Elife 3, e03197.

14.  Chaikeeratisak, V., Tassanakajon, A., Armstrong, P.B. (2014) Interaction of pathogenic 1.638
vibrio bacteria with the blood clot of the pacific white shrimp, Litopenaeus
vannamei. The Biological Bulletin 226 (2), 102-110.

15.  Chaikeeratisak, V., Somboonwiwat, K., Tassanakajon, A. (2012) Shrimp Alpha-2- 3.73
Macroglobulin Prevents the Bacterial Escape by Inhibiting Fibrinolysis of Blood
Clots. Plos one 7 (10), e47384.

16.  Chaikeeratisak, V., Somboonwiwat, K., Wang, H.C., Lo, C.F., Tassanakajon, A. (2012) 2.506
Proteomic analysis of differentially expressed proteins in the lymphoid organ of
Vibrio harveyi-infected Penaeus monodon. Molecular biology reports 39 (5), 6367-

6377.
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(2010) Proteomic analysis of differentially expressed proteins in Penaeus monodon

hemocytes after Vibrio harveyi infection. Proteome science 8, 39.

Scientific activities

1. Secretariat assistant of the 30" Federation of Asian and Oceanian Biochemists and Molecular
Biologists Conference (FAOBMB conference), 2023

2. A master of ceremony (MC) of the 7th International Conference on Biochemistry and Molecular
Biology (BMB 2021), Virtual conference, July 7, 2021

3. A master of ceremony (MC) of the 6th International Conference on Biochemistry and Molecular

Biology (BMB 2018), Rayong, Thailand, June 20-22, 2018

Selected talk and presentations:

1. (Invited talk) Mechanism of pre-killing (MOK): Antibacterial discovery through bacteriophage genomics.
The 17th International Symposium of the Protein Society of Thailand, Chiang Mai, Thailand,
November 9-11, 2022

2. (Invited talk) The phage nucleus and spindles: The defining structure of nucleus-forming giant phages
and its implication to eukaryotic nucleus origin. The 15" International Symposium of the Protein

Society of Thailand, Bangkok, Thailand, November 4-6, 2020



(Invited talk) The phage nucleus: its role for phage reproduction and its implication to eukaryotic cell
nucleus. The 44" Congress on Science and Technology of Thailand, Bangkok, Thailand, October 29-
31, 2018

(Invited talk) The phage nucleus: its role for phage reproduction and its implication to eukaryotic cell
nucleus. The 6" International Conference on Biochemistry and Molecular Biology (BMB), Rayong,
Thailand, June 20-22, 2018

(Poster presentation) Capsid Trafficking of Pseudomonas Phage 201Phi2-1 to the Phage Nucleus and
the Role of the PhuZ Filament in Capsid Transportation ASCB Meeting 2016, San Francisco, California,
United States, December 3-7, 2016

(Invited talk) Exploring the replication factory of the giant bacteriophages. 21* Biennial Evergreen
International Phage Meeting, Olympia, Washington, United States, August 2-7, 2015

(Poster presentation) The infection nucleoid-positioning mechanism of PhuZ during the bacteriophage
infection in its host is conserved among bacteriophages in the PhiKZ family. Plant & Microbial
Cytoskeleton, Gordon Research Conference, Andover, New Hampshire, United states, August 10-15,

2014

Invited lecture:

1.

Bacteriophage (05216318): Phage Reproduction in the Infected Cell During Lytic Cycle and Phage
Hijacking Mechanism to Benefit Its Fitness. King Mongkut's Institute of Technology Ladkrabang (KMITL)
Bacteriophage (05216318): Phage Egress and Host Cell Lysis and Giant Bacteriophages and Their
Reproduction Mechanism. King Mongkut's Institute of Technology Ladkrabang (KMITL)



Mechanism of pre-killing (MOK): Antibacterial discovery through
bacteriophage genomics

Vorrapon Chaikeeratisak

Department of Biochemistry, Faculty of Science, Chulalongkorn University, Bangkok, 10330,
Thailand.

Email: vorrapon.c@chula.ac.th

ABSTRACT

Multidrug-resistant bacteria have been one of the major threats to humankind and have
been estimated to cause 10 million deaths in year 2050 if none of efficient tools is soon available.
Prokaryotic viruses, also known as bacteriophage or phage, which infect, replicate inside and kill
bacterial hosts, have been considered as an alternative that potentially replaces antibiotics and
would be used to combat against multidrug-resistant pathogens. Throughout infection, phages
encode various unique proteins that arrest critical fundamental processes of bacteria and redirect
them to benefit phage reproduction. Thus, understanding mechanistic insights on how phages
hijack the bacterial host cells might expedite antimicrobial discovery through the bacteriophage
genomes. Here we employed a single-cell infection assay using fluorescence microscopy to
explore a mechanism of pre-killing (MOK) of phages during infection to screen for potential
antimicrobials. Upon infection, the phages display MOK through a variety of phage-encoded
proteins to interfere with the bacterial cellular processes. These cellular arrests later trigger the
apparent morphological change of the cells which can be predicted on which of the host processes
is hijacked by comparing to Bacterial Cytological Profiling (BCP) that demonstrates the mode of
actions of antibiotics based on bacterial morphological changes. Therefore, with this MOK-guided
screening through a library of phages targeting the pathogens of interest, it would potentially
facilitate the discovery of novel biologics derived from phages that serve similar active properties
to antibiotics in the future.

Keyword; Mechanism of pre-killing (MOK), Bacterial Cytological Profiling (BCP), Antibacterial
discovery, bacteriophage
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Mass Spectrometry-Based Peptidomics and Proteomics

Sittiruk Roytrakul
National Center for Genetic Engineering and Biotechnology

National Science and Technology Development Agency

The peptidome and proteome are the complete sets of peptides and proteins that are
naturally found in all parts of the body, including body fluids, cells, tissues, and exosomes. They
are dynamic and constantly changing in response to a variety of factors, such as stage of
development, metabolic state, cell cycle, stress, disease, and various interactions. Peptidomics and
proteomics are the comprehensive profiling of endogenous or exogeneous peptidome and
proteome from biological sources, respectively.

Mass spectrometry (MS) is a versatile and powerful technique that is essential for
peptidomics and proteomics research. It can identify, quantify, and characterize peptidome and
protcome in a variety of applications. MALDI-TOF MS, or matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry, is used to identify microorganisms, such
as bacteria and fungi. It analyzes the peptide barcode of biological fluids, cells, and tissues under
normal or altered conditions. MALDI-TOF MS is a non-invasive, rapid, sensitive approach for
diagnosing oral cancer in dogs, mitral valve disease with and without pulmonary hypertension in
cats, and hypertrophic cardiomyopathy in cats. LC-MS/MS (Liquid Chromatography-Tandem
Mass Spectrometry) is a popular tool for identifying and quantifying peptidome and proteome. LC-
MS can be used to sequence bioactive peptides, identify peptide or protein biomarkers, study the
mechanism of action of drugs and dietary supplements, study the pathogenesis of cancers, and
study the functional role of the gut microbiota in health and disease.

Keyword: Mass spectrometer, proteomics, peptidomics, Maldi-TOF MS, LC-MS
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In silico docking and molecular dynamics for small-molecule drug discovery

Jiraporn Panmanee, Ph.D.
Research Center for Neuroscience

Institute of Molecular Biosciences, Mahidol University

The omics era has brought about a rapid increase of biological data, including genomics,
transcriptomics, proteomics, and metabolomics. These large-scale datasets provide a plethora of
information on biological systems and have revolutionized the field of drug discovery. In
particular, in silico docking and molecular dynamics simulations have become important
computational tools for analyzing and predicting protein-ligand interactions. In silico docking
predicts the binding modes of small molecules to target proteins, while molecular dynamics
simulations also provide insights into the dynamics of protein-ligand interactions. The use of
computational methods is becoming increasingly common in pharmaceutical research and drug
design. These methods are widely used in the early stages of drug discovery to identify and
optimize potential drug candidates. They allow researchers to screen large databases of compounds
for their potential to bind to target proteins, and to predict the binding affinity of the compounds.
With the advent of omics data, these methods can be used to analyze and predict the effects of
genetic variation, transcriptomic changes, post-translational modifications, and metabolite
interactions on drug efficacy and toxicity. Thus, in silico docking and molecular dynamics
simulations, when combined with omics data, are powerful computational tools that can accelerate
drug discovery and improve drug efficacy and safety.

Keywords: Drug discovery; drug design; small molecule; In silico docking; molecular dynamics
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CRISPR/Cas9 (+/4): (/)
TLR4 astrocytes
Stroke - Free radical production
- Proinflammatory
Oxygen-glucose Gilal activation HMGB1 TLR4-mediating cytokines Apoptotic
7z i
deprivation bk neuroinflammation cell death
- Reactive astrogliosis DAMPS
Energy imbalance ROS Autophagy
- Mitochondria dysfunction TLR4 inhibitor
screening
Compound Library Database Selection of Drug-likeness compounds Virtual screening
Diverse-lib - PubChem Safety
(99,288 compounds)
Drug-lib - ChEMBL
(4,574 compounds) - DrugBank , ADEM-Tox Pharmacology
- DrugCentral online A ) 4P
- SuperDrug2 o Ag VS
FAF-Drug4 (up to 10,000 compounds)
- Filtering compound library prior to in
silico screening
- Based on physicochemical properties
MTiOpenScreen
(1,500 compounds)
Biological assays AMMOS2
(10 best hits) (Top 100 compounds)
In vitro screening of hit Energy minimization of
compounds protein-ligand complexes
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[

h¥ansiduienneliinlsaldinsnndrdaludssinelne InefifUigluudazUsii 50,000 -

100,000 518 d1uruftrgaziiindunindnisssuintuluy WweliSaiendl 4 serotypes (DENV1-4)
ldy = I o I ~ [ U 1 =~ @ a zﬁy =3 v [
wisielaedganaiuningiilse WWungeusuiulnilewdniinie serotype nilsas azaunsadosiu

(%

N3AALYe serotype duldnasndia uatdesiun1siade serotype auddnin Tugisszezdu 9

Y v
Y

Usggnaund 500 druau desnsteduriad whenuldizusndunsiauniadurdais e
w.a. 2523 tngldsunisaduayuainasdniseundiolanundunaiuiunin 12 U nuseauldiaun
wieluladTanmiduvesnues fnanuianuinnssindusgwsioies

I wisuiifaduldifsiiineulandvesdeny

1. duiaduldiisivinideoduseuqrsnu 4 meiusluduien

2. anansondnlausinannluseAugnamn sy

3. fimudaensiogs

4. aunsansyiuliAngfdutusunubhialiifdiasourquarimainvaigvesido (genetic

diversity) ldasusia 4 aneiug

5. anansadniaduiiieatanliduiulsaliuilszavuynngueng

9

6. anusadgnasegifuiulifaldsnuiuni 5 Y wdinlesuindurilasiniies 1 Wy uas

q

TaiAsAunin 2 19

W.A. 2554 Un13INgI1a8uine aduulunIsuay
FnsUnINIHAN AT ULYISA A Kaketsuken

w38 KM Biologics luifaguiu (’l/izmﬂfjiq]u)

MB 14" Anniversary “Owmics era: Current and future perspectives”




“Jaduldaunsdntautad (JAPANESE ENCEPHALITIS VACCINE)”

5UTR C PrMEnv NS1 2a2b 3 4a 4b 6] 3'UTR

JE D2-LAV

o v a 1 Q‘
mswmunﬂ%uﬂluﬂaaquﬁgnwam

" Lsaldauesdniauedidulsauszdtuluniviedes aanisalinuninnii 3 fiuduaueideedly

[

HUNINIs2UInvete JEV wariliUiefiuaniainisuings 68,000 518

" Ysunalneldiaduldanesdniauindluwnuaine gidudulsaliundin 517 1 duldased

2 o oA Ay 1o & v A ]
%Q?ﬂ%uml%aqf\nLﬂumaﬁsﬁaﬂ’]ﬂﬁqﬂﬂigLWﬂ

" yirgaulaimurindusiingeugnsgnuau (JE chimeric vaccine) lagldinalulagnisinde

v v a

aeugnssulagausmilonuinidelne (uuiina wag u.Tudln)

" puunuuassasuglauiulsadmualianinennauesliiuinduriai

U

= pIeulunisreseniveinuiselussiugnaimnssy

" s iaduldansedniauadiulng astisantasnawnunsunIady @suaseenusuag

'
= =

AuIATU Useanvuanunsainfainduniauninlaegnainna

q

MB 14" Anniversary “Owmics era: Current and future perspectives”




AUEdYLIa=WFAUNQUNSNIBONTSIWNE

Aoy o ¢

“N1599NLUUKAZNAILILWAANDSUN1SIRNA1a NS HAMUUINANI TN INATUNUS AU
15ANITZUULNLNUB AN 15ANEINUSTUUUSEEN 15N 1ALAZNaALaDn

waENIINATIUUHATEINI9TININ
A3.UE3 59NTAL UAZ AT.UNME YILEY
I AuduanvaImsiniade

U290u lsnldfindeiseselungulsaiiinainaiiuinunfvesseuuiuwnuaddy (metabolic
diseases), nqulsarirlauazvasniiian (cardiovascular diseases), kagngulsaniauinunaniaseuy
Uszam (neurological disorders) iuanugmanvasnisidedinlulszmnsyialan neliinaudems

TANULATYEN dIAu WagAMnIMTIn N1snanenlugUluy recombinant protein %38 biologics 71

'
= 1 [

Auaateadstulusaulusrenty Wunidsluisnisiazeresnwilsemvails ag19lsfnny Fazdosdl

ASANBINATBS recombinant protein fAalsAWAINENLIN WALLBIAINAITANBINAVBY recombinant
. AY o v A a a A A o a ada | 1% o ¢ o ¢
protein fdad1inApUSuIMlUSAUNIINRYININ1TNAaeluEdTIn Wi lwadandnd wasdninnaes
walnlananis3denianuunzene lulagdu recombinant protein #i149 dnundnand1auseine Tu
FIM7Ee AzEITET TR UTEaAlUN TN ERLALHAIIHENTU9IN1TUNNE VUGS recombinant protein

1 . . A a a [y 1d N [y [y =
g1lungu biologics warans small molecule NiUszaNEAW Yaenade uwaziluiigeusulusedvaina an
VGN8N TEUIUNTHEN IR ULUUAIDRAAYNTTURAL NTNARDUNITININEMTUA I WIULN Lag
lUshunmaededianuaulands laud WUsiunigvsinedfiussuuiuunueddy seuuilanasvaenidon
W TUsAw fibroblast growth factor 21 (FGF21) way fibroblast growth factor 23 (FGF23) 1Judu
52uMlUsAUNAgn5luszUUUTZaW WU brain-derived neurotrophic factor (BDNF) saslUgis@nyn
Usgansnmaedlusfiudenanuazaisiuanavuindn (small molecule) wfindu o Ne1afidiugiesnm

P3DUIINDINN5VR9LsAMEaTBNAY

MB 14" Anniversary “Owmics era: Current and future perspectives”




I AN LANLALVBINAIIULAZNTAYIANAI UG UIANTTY
" ahaunanesuiiiehlulddmiunaasunisyihnuveslusiuuazodringiindald vislusedu

Vo uRn1T warsEaulsUAULUY
" dunuulunswandulndmedinme uaznssisnsmaaeulszavsamuesudlnddingele

® sAnrunssuASnsnamUUlnanisiinine Tuseeu Lab Scale wag Bench Scale

d{' a aw aa a = saa &
EJUQ@@HﬁV]ﬁ‘UWﬁZ ﬂiill')ﬁﬂ'ﬁﬁ\lﬁ@]lﬂi@]ﬂﬁqFJN?'NVLWIUan']ﬁm‘IﬂﬁV]LL‘V\I?’]LW@iEJﬁ‘UL@@

(lavfid1we 2003003385)

........

NAKANNLAINN1SVLIBA1AINSHAR IS INIIN

(bioreactor) IngnznaudvNIABUIUIULUATISY

NasgAvlaLarAININZINTLERIDNTDY

nsugreAaIn1sNanUulng (up-scaling) WsAufiaula

Tugansin (bioreactor)

MB 14" Anniversary “Owmics era: Current and future perspectives”




wananildludunouYBINIINAROUNS
uanseanvadlusiu vsewUlnaingnla
NIV RURNIS tume N1nnaadie

uenlUsAumeAliang electrophoresis

MB 14" Anniversary

kDa
60—
45—
35—

25—
20—

15—
10—

M

i~
il
T

- ~

WO | <

]
]
Wi
e
|l
Il

i -

I
i

;
|

LARINAVDINSHENLUTAUNHAR AR WUATIS Y

wanaliiunalUsAuILInUSEUN 35 Alannasu

Usunaunnluaui 4 5 wag 6

“Owics era: Current and future perspectives”




AUGIYOUS=ENFAIIA=WHAIUNUIANSSUNY

v 1

“waiffefnunsnuuasina MU1”

I AaNnuduuvenisinide

'
Y Y

Aarunsuduiainidaniivuneive Mewvesuilaaliesndidennuaziidunmnoses {ui
Aoinsvemainndtulazitsseina uilaglunandniamunsnuianuliuiuey ewinvinuaaugn

AAUNTIUNTAUNIN Uaaalsa 3959n5150961 1a91 wanlad saudanunsnsidslanialunissnnuie

q 9

Handn esnrandadeiunsuilafidadiunadouazdedntd uinndifeiunsiumes Ingweadle

q

wazaANtNgsIAgNNIIAINANADUTI9NN MSRLININAREITAINAIATNTILANITBANIINTTAET Y

Y v

wieglile fatu nsmunssaISielennalagamgines 92 lrn1suTmsInn1IN1sHEAIMuNg Y

Y

WARRILEUY FzansuuNIIHEs Wiuyarkaziiulonalunisdseandeinunsulidnaialan

MB 14" Anniversary “Owmics era: Current and future perspectives”




I m’miﬂmm'mjaaNm'muasms@iaﬂamwamu@:u%’mssu

[ '
av Yaa v

nuideililunisihesdanuiifiuniawdesennaluladiudluana idunssudsnisndads

funsuwdadnemeasusenavdaluanadmsunseunisuatne lnglidaisdnsdeuuaulasiauila

%4

lngansuszneutiluanadniunseduniswlasnanseiulifeinunsumediimaanimanewendune

q

1 U -dl ¥ ¥ ¥

delpgliidewdniiovinangseuweulasiatin vlildwidamunsiuuvasne Julenauniusiuianegay

9 9 Y

Y v

Tinandngnisiunsuwaginfivwadilug Imsuazsaiganitdeiunsuneds Jadunsiiuyad

9

waziiinlaniansaseaniainunsy Fedwaddegnavnssunamunsunelianuisaudadulunainlan

4

YBSUANTUNIN1TUTL AW

&9

1. 509 ansusznavtiluanadmiunsedunisulasnaluna Avesuanidnsavn 181006124

2. 1389 nysUaNARNUawnA AvesudnSUnsiavil 181006125

S|

USUAIYD TUN 24 AueeU W.A. 2561

MB 14" Anniversary “Owmics era: Current and future perspectives”






